INTRODUCTION
Some years ago it was found that Bacillus subtilis sporulated more profusely in Bacto-peptone broth when a small quantity of activated charcoal was added to the medium. Further studies revealed that although the charcoal was removed from the medium prior to inoculation, the percentage of cells sporulating during short incubation periods was still appreciably greater than in untreated Bacto-peptone broth. The work subsequently done to determine the nature of the response of B. subtilis to charcoal treatment is the subject of the present report. Although the investigations are not completed, publication of the available data seems advisable since it is improbable that further work will be possible in the near future. Apparently the influence on sporulation of various fractions of commercial peptones has not previously been studied.
MATERIALS AND METHODS
Unless otherwise stated, Bacto-peptone solutions were used as basal media to which the various colloids under investigation were added. The nutrient solutions were placed in six-ounce prescription bottles, each containing 25 ml. of desired solution. The bottle screw-caps were carefully adjusted to prevent contamination without hindering diffusion of gases. In most cases the bottles were incubated in a horizontal position to allow a maximum of surface, since this treatment prevented heavy pellicle formation and facilitated accurate sampling. Cultures were incubated at 370C.
The test organism used was a strain of B. subtilis originally obtained from the University of California Medical School. It is the culture used by Williams (1931) in his earlier studies on the physiology of sporulation. In most cases, the various nutrient solutions to be tested were inoculated with two drops of a suspension of cells of B. subtilis, obtained by washing a 24-hour 0.5 per cent Bacto-peptone agar slant culture with about 50 ml. of sterile distilled water.
Loop smears were made from the incubating cultures at intervals, usually after two and four days. Spores were stained by the method described by Conklin (1934) Treatment with charcoal improves the medium for sporulation regardless of the concentration of nutrients at which the comparison is made. Also spore formation in untreated peptone water has an inverse, curvilinear relationship to peptone concentration, whereas spore formation in treated peptone water is not appreciably influenced by the concentration of peptone as measured by total nitrogen. This evidence indicates that treatment with charcoal influences spore formation in some manner other than by reducing the concentration of total nutrients as measured by total nitrogen. However, it is quite possible that charcoal treatment so completely removes some essential nutrient factor The untreated peptone water may have supported slightly better growth than treated peptone water of equal nitrogen content. The difference in growth rates in the two media is small and may be due only to inaccuracies in the plating technique. If treatment of Bacto-peptone with charcoal stimulates spore formation by the removal of essential food factors, then it is apparent that the removal of these factors has little, if any, influence on the total number of cells produced in the medium.
B. Some properties of the material adsorbed by charcoal Occurrence. One-per-cent distilled-water solutions of Bacto, Witte, ParkeDavis, and Difco proteose peptones were subjected to adsorption by two per cent Norite without heat. Adsorption was done at the pH of the respective distilled water solutions. After filtration, each solution was evaporated until solutions equivalent in total nitrogen to 0.9, 0.8, 0.7, 0.6, and 0.5 per cent unad- Adsorption with agents other than charcoal. Two-hundred-ml. aliquots of one per cent Bacto-peptone water at pH 6.5 were adsorbed with about two per cent of kaolin, ten ml. of aluminum hydroxide suspension containing approximately 16.1 mgm. of aluminum hydroxide per ml., and with ten ml. of ferric hydroxide containing about 20 mgm. of ferric hydroxide per ml. of suspension. Following adsorption and filtration, all the filtrates were adjusted to contain 0.77 mgm. of nitrogen per ml., the equivalent in total nitrogen of a 0.5 per cent untreated Bacto-peptone solution. These solutions were inoculated and incubated in the usual manner. The results are presented in table 3. It will be noted that these materials, like charcoal, are effective in improving Bacto-peptone solution for sporulation by B. subtilis.
Hydrogen-ion concentration at which optimum adsorption with charcoal occurs.
Aliquots of one-per-cent Bacto-peptone water were adjusted with HCl or NaOH to H-ion concentrations ranging from pH 3.0 to 10.0. One per cent Norite was added to each flask, heated, and filtered from the solutions. There was little change in pH during the adsorption. Following removal of the charcoal, each solution was adjusted to pH 7.0 and total nitrogen was determined by Kjeldahl. All the solutions were then read- It is well known that aerobic spore-forming bacteria will sporulate more profusely on the surface of media solidified by agar than in corresponding liquid media. There is good evidence that the action of agar is not due entirely to improved oxygen relationships on the surface of the jel. For example, agar in concentration as low as 0.06 per cent has been observed to increase sporulation by B. subtilis. This concentration of agar imparts some viscosity but does not jel the medium. Also, the percentage sporulation in vigorously aerated Bactopeptone broth has been found to be considerably less than in the unaerated medium made slightly viscous with agar. The per cent of cells as spores was determined from samples taken from below the surface of the medium. The ability to stimulate spore formation by B. subtilis is presumably a characteristic of many, if not all, hydrophilic colloids since gum karaya, gum tragocanth, gum arabic, quince seed extract, and purified Phytomonas tumefaciens gum have been observed to stimulate spore formation.
The following experiment was done to compare the influence of agar and charcoal on spore formation. Bacto-peptone water was treated with charcoal and evaporated until the total nitrogen content of the concentrate was equal to that of a 3 per cent untreated peptone water. By dilution of this concentrate, solutions were prepared which corresponded to two, one, 0.8, and 0.5 per cent peptone water. A corresponding series of untreated peptone solutions was also made. One-tenth of one per cent of agar was added to 25 ml. aliquots of each concentration of both treated and untreated peptone solutions. A corresponding series received no agar. The percentage sporulation by B. subtilis was measured after 48 and 96 hours of incubation. The results are shown in table 5.
It is at once apparent that the actions of agar and of charcoal are quite dissimilar. Agar stimulates spore formation in peptone water treated with charcoal and unlike charcoal has no influence in overcoming the deterrent effect of high concentrations of peptone.
SUMMARY
A greater percentage of Bacillus subtilis cells sporulate in Bacto-peptone broth treated with charcoal than in untreated peptone water.
The per cent of cells in the spore state is independent of the concentration of the treated peptone solution. It is suggested that spore formation in Bactopeptone water is inversely proportional either to some particular food factor or factors or to some factor directly inhibitory to the spore-forming process.
Treatment of Bacto and Parke-Davis peptones with charcoal improves these for spore formation, but Witte and Proteose peptone do not respond. The per cent of sporulating cells can be increased by adsorption of the medium with kaolin, ferric hydroxide, or aluminum hydroxide. Most effective adsorption by charcoal occurs in the pH range of 3-5.
The action of agar and of charcoal in improving Bacto-peptone as a medium for sporulation is dissimilar.
